We sought to characterize the association between a forensic event (arrest or incarceration) with housing vulnerability and mental and physical health status over a four-year follow-up among a cohort of homeless and vulnerably housed individuals in Vancouver, Toronto and Ottawa. Data were obtained from the Health and Housing in Transition Study, a prospective cohort study of homeless and vulnerably housed individuals between 2009 and 2012. Participants were interviewed in-person at baseline (N = 1190) and at four annual follow-up time points. We used generalized estimating equations to characterize the independent associations between a forensic event and the number of residential moves and SF-12 physical and mental health component scores over the four-year follow-up period. We analyzed data from 1173 homeless and vulnerably housed participants. Forensic events were reported by 446 participants at baseline. In multivariate analyses, a history of forensic event in the preceding twelve months was independently associated with an increased number of residential moves over the four-year follow-up period (ARR 1.24; 95% CI 1.19-1.3). It was not, however, independently associated with a change in physical or mental health status (respective ß-estimates; 95% CI: -0.34; -1.02, 0.34, and -0.69; -1.5, 0.2). Female gender and a history of problematic substance use were significantly associated with all three primary outcomes. This suggests arrest or incarceration is associated with increased housing vulnerability. The results underline the importance of supporting individuals experiencing arrest or incarceration with post-release planning in order to obtain stable housing after discharge.
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Introduction
The incarcerated population in Canada bears a disproportionate burden of physical and mental health problems compared to the general population [1] . Persons who experience incarceration are more likely to use both illicit and prescription drugs of abuse and have higher rates of infectious diseases, cardiovascular disease, and cancers [1, 2] . Their rates of psychosis, depression, and personality disorders are also higher [1, 2] . Homelessness increases risk of incarceration with the rates of homelessness prior to incarceration as much as five times higher than the general population [3, 4] . One study based on a US national survey of incarcerated persons found that 15% had been homeless in the year prior to incarceration, or eleven times the estimate for the general US population [5] . The same study found that incarcerated persons who have a history of homelessness were more likely to have been cited for both violent and nonviolent offenses, to have higher rates of mental health and substance use issues, and to be unemployed [5] . It is clear not only that homelessness is a risk factor for incarceration, but also that incarceration is a risk factor for homelessness [5] . The transition back into the community after discharge therefore represents an aspect of public health that deserves attention. A successful reintegration can improve health, reduce crime, and decrease costs to society [6] . Though health may initially improve upon incarceration, research suggests that health often declines significantly after discharge [6, 7] . With over 30 million incarcerated persons being released each year worldwide, greater attention to this critical transition point could mean the difference between successful reintegration or further crime and poor health [7] .
In order for an individual to be successful after discharge from a correctional facility, housing is one of the most basic needs that must be fulfilled [8] . Indeed, given research that suggests homelessness is a risk factor for incarceration, ensuring housing following discharge could reduce recidivism [3] . Unfortunately, current research suggests that formerly incarcerated persons are up to six times more likely to be homeless following release than the general population [9] . The Urban Institute's Returning Home project found that over half of all incarcerated persons discharged in Ohio moved two or more times during the first year [10] . In the Canadian context, approximately 30% of incarcerated persons are discharged without secure housing [4, 11] . However, these statistics fail to capture the housing vulnerability that these individuals may experience over a longer term. There remains a significant gap in our understanding of longer-term housing vulnerability, with few prospective studies following discharged individuals for over two years [1, 6, 12] .
Individuals recently released from corrections experience sub-optimal health outcomes, including poorly controlled chronic diseases, drug overdose, preventable hospitalization, and mortality [6] . Some research suggests their mortality rate may be as much as 30 times higher than the general population [1] . Furthermore, incarcerated individuals with a history of mental health problems are four times more likely to die of suicide or drug overdose than those without a mental health history in the six months following release [12] . A more comprehensive understanding of the impacts of incarceration on physical and mental health is still lacking, especially in the Canadian context [1, 4, 6] . Research to clarify the morbidity and mortality of incarcerated individuals upon release is scant. Studies thus far are largely retrospective or focus on outcomes during incarceration, rather than following individuals after release [1, 4] . Furthermore, there are no published prospective studies on the effects of arrest without incarceration on health and housing status. This study therefore sought to add more broadly to our understanding of the impact of arrest and incarceration on housing vulnerability as well as physical and mental health status.
Using prospective cohort data collected in Vancouver, Toronto, and Ottawa, Canada, we aimed to characterize the association between a forensic event (incarceration or arrest) and (a) physical and mental health status, and (b) number of residential moves after discharge (as a proxy for housing vulnerability).
Methods
The findings that we present here are derived from data collected by the Health and Housing in Transition (HHiT) study. This is a prospective cohort study that investigated the health and housing status of homeless and vulnerably housed persons in Vancouver, Toronto, and Ottawa beginning in 2009, with four annual follow-up interviews. Further methodological details have been published previously [13] . The sample size of this study differs from the methodological description [13] because two participants were subsequently noted to have participated in the study twice, and their duplicates were therefore removed.
Participants and recruitment
The 2009 HHiT study recruited 1190 homeless and vulnerably housed single adults (aged 18 years or older). Homelessness was defined as not having lived in one's house in the previous week but instead having lived in a shelter, public space, vehicle, abandoned building, or someone else's home. Vulnerably housed was defined as having lived in one's own home but having been homeless and/or having had two or more moves in the preceding twelve months. Homeless participants were recruited at shelters and meal programs, making use of sampling methods designed for this population [14] . Rooming houses, single room occupancy hotels, meal programs, drop-in centres, and community health centres were all used to recruit vulnerably housed participants. At baseline, 595 participants reported being homeless and 595 reported being vulnerably housed. All participants provided written informed consent and were compensated $20 for completing each annual interview. This study was approved by the Research Ethics Boards at St. Michael's Hospital in Toronto, University of Ottawa, and the University of British Columbia. This study used data from the baseline survey and four follow-up interviews.
Survey instrument
Trained interviewers administered the 60-90 minute survey. Sociodemographic data, including age, gender, and self-reported ethnicity were collected, as were employment, arrests, and incarceration histories over the preceding twelve months. For participants' housing history, we classified data based on methods adapted from Tsemberis et al. [15] . Each residence in a participant's housing history was classified into one of 25 types of residence, which were then categorized into one of three mutually exclusive residence categories: housed, institution, and homeless. Institutions referred to correctional facilities, hospitals, residential substance use treatment, halfway housing, or long-term/nursing home. Periods of time spent in institutions were further classified into residential states of functionally housed or functionally homeless based on their residence before and after the institutional stay using a functional classification as previously described [16] . For example, a participant would be functionally homeless if they reported the following type of residences: staying with friends/family but not paying rent; homeless shelter; homeless on streets; living in a campground. Participants were also categorized as functionally homeless if they were categorized as being in an institution and prior to that, they were homeless or after being in the institution, they were homeless. The number of residential moves in the preceding year was derived based on the housing history for each participant.
Participants were also asked in the baseline interview to identify the cumulative number of lifetime chronic health conditions (0, 1, 2, �3) diagnosed by a health care practitioner that had lasted at least 6 months, if they had ever been diagnosed with a mental health problem, and their lifetime duration of being homeless. Problematic substance use was assessed at each interview. The ten-item Drug Abuse Screening Test (DAST-10) was used to screen for drug use, with a DAST-10 score of �6 classified as problematic drug use [17] . The Alcohol Use Disorders Identification Test (AUDIT), a ten-item questionnaire, was used to screen for alcohol use disorder, where a score of �20 was classified as problematic alcohol use [18] . These instruments have been validated previously for their assessment of vulnerable populations [19, 20] .
Main explanatory variable
A forensic event was defined as having responded yes to either: "In the past 12 months, were you arrested by the police?" or "In the past 12 months were you incarcerated, whether in preventive detention, prison or a penitentiary?" These data were collected at each of the five interviews.
Outcome variables
We used the number of residential moves the participant experienced during the year prior to the survey interview to assess housing stability. We defined number of residential moves as captured from the housing history in the preceding year. We derived the physical component score (PCS12) and mental component score (MCS12) from the Short Form 12-item health survey (SF-12) [21] , as measures of physical and mental health status, respectively. The SF-12 has been widely used and shown to have adequate reliability and validity in diverse samples including individuals with severe mental illness [22, 23] and homeless individuals [24] .
Statistical analysis
We compared groups using the chi-square test for categorical variables and one-way ANOVA or Kruskall Wallis nonparametric test for continuous variables. We used the bivariate and multivariate generalized estimating equation (GEE) to analyze the association between forensic events during the preceding twelve months and three primary outcomes: physical health status as measured by the physical component score (PCS12), mental health status as measured by the mental component score (MCS12), and housing vulnerability as measured by the number of residential moves over the year preceding the interview.
GEE models were used to account for serial observations of the same participants. We adjusted for the correlation between measures over time using an exchangeable correlation structure [25, 26] . PCS12 and MCS12 were both modeled as continuous outcomes using multiple linear regression and the number of residential moves was modeled as a count using a Poisson regression model. Age, sex, city, and ethnicity (categorized as White vs. others due to small sample size) were demographic covariates forced in the final adjusted models. For the multivariate analyses, we excluded lifetime homeless duration because it did not have an independent association with any of the primary outcomes.
Each multivariate model was adjusted for age, sex, problematic substance use, employment, city, ethnicity (White vs. others), being homeless at interview point and a categorical interview time point variable, as responses were obtained at each follow-up interview time point (years 1, 2, 3 and 4). When modeling mental health status, we adjusted for having 3 or more chronic health conditions at baseline and when modeling physical health status, we adjusted for lifetime history of a mental health problem at baseline. When modeling the number of residential moves, we adjusted for both having 3 or more chronic health conditions and lifetime history of a mental health problem at baseline as neither variable was highly correlated with the outcome variable definition. In a supplementary analysis, we also fit models examining the effect of arrest and incarceration independently on number of residential moves. In addition, we performed a lagged analysis that related forensic events in a given year to number of residential moves in the subsequent year.
Results
The participant flow over the 4 years of follow-up from baseline is depicted in Fig 1 where we achieved an overall follow-up rate of 79%. In this analysis, we included 1173 participants (17 individuals identifying as transgender were excluded due to small numbers). There were 446 participants (38%) who reported a history of a forensic event in the preceding twelve months at baseline and their characteristics are reported in Table 1 . We found that, at baseline, participants with a forensic event history were younger, had slightly lower PCS and MCS, had a higher number of residential moves in the previous year, were almost twice as likely to report problematic substance use, were more likely to report having been diagnosed with a mental health problem, and were more likely to have 3 or more chronic health conditions compared to those without a forensic history. The scores on the SF-12 scales are expressed as T-scores (mean of 50 and standard deviation of 10, range 0-100). Thus, the means of physical and mental health status of both groups were below average compared to U.S. population norms. Of note, the proportion of participants reporting forensic events declined over the four-year follow-up period from 38% at baseline to 21% at year 4; the magnitude of the decline was similar for arrests and incarceration (Table 2) . Table 3 presents the bivariate and multivariate GEE linear regression model findings for the factors associated with physical health status as measured by the PCS12. Results of the multivariate model indicate that factors significantly associated with worse physical health status were older age (ß = -2.46; 95% CI: -2.95, -1.97), female sex (ß = -2.58; 95% CI: -3.7, -1.46), problematic substance use (ß = -1.07; 95% CI:-1.77, -0.36), a history of mental health problems (ß = -2.36; 95% CI:-3.4, -1.33), and living in Vancouver relative to Toronto (ß = -1.61; 95% CI:-2.79, -0.42). Being employed was significantly associated with better physical health status (ß = 2.15; 95% CI: 1.47, 2.83). Having a forensic event was not independently associated with physical health status (ß = -0.34; 95% CI: -1.02, 0.34).
The multivariate GEE linear regression model findings for factors associated with mental health status as measured by the MCS12 are presented in Table 4 . Factors significantly associated with worse mental health scores included female sex (ß = -2.3; 95% CI: -3.48, -1.12), problematic substance use (ß = -4.63; 95% CI: -5.46, -3.8), having 3 or more chronic health conditions (ß = -2.79; 95% CI: -3.91, -1.67), and being functionally homeless at the interview time point (ß = -2.7; 95% CI: -3.56, -1.85). On average, the MCS12 improved over time (ß = 0.71; 95% CI: 0.48, 0.94). A history of a forensic event was not independently associated with mental health status (ß = -0.69; 95% CI: -1.5, 0.12). Table 5 effects of arrest and incarceration on residential moves as well as the lagged analysis are presented in Tables A-C in S1 File. The main effects were essentially unchanged.
Discussion
We found that participants with a history of forensic event (i.e., arrest or incarceration) had significantly more residential moves during the four-year follow-up period. This held true when adjusting for covariates including age, ethnicity, employment, problematic substance use, chronic health conditions, and a lifetime history of mental health diagnosis. Our findings further support previous research showing that incarceration destabilizes housing over the long term [9, 10, 11, 27] . To et al. examined the effect of incarceration on housing stability and found that homeless and vulnerably housed participants were less likely to be housed over a two-year follow-up period [28] . Our study further supports this finding by looking at four years of follow-up data, and by using more granular measures of housing (residential moves), rather than a simple binary of housed versus homeless status at each interview time point [28] . We did not find that a forensic event showed significant associations with altered mental and physical health status over time, as measured by the MCS12 and PCS12, after adjustment for confounders. Of note, our results indicate that participants with and without a history of forensic events rated their physical and mental health status as lower than the general population. Participants in both groups scored about half a standard deviation lower than U.S. population norms on the PCS12 and about one standard deviation lower on the MCS12. Furthermore, participants with a history of forensic event at baseline also had lower MCS12 and PCS12 scores compared to those without a history of forensic event. Previous studies have demonstrated that incarceration is associated with increased substance use rates and worsened mental health outcomes [1] [2] [3] [4] . Our study's inability to demonstrate an association between incarceration or arrest and altered mental or physical health functioning over time may be related to the difference in baseline health. Our study used different measures of physical and mental health than previous studies and included arrest in addition to incarceration as the (20) 158 (17) 208 (22) Year 4 176 (20) 137 (16) 187 (21) https://doi.org/10.1371/journal.pone.0211704.t002 main explanatory variable; comparability may therefore be limited [1] [2] [3] [4] . Large, prospective studies that follow incarcerated individuals after release are needed to investigate for a link between incarceration and physical and mental health outcomes over time [3] . Our findings of higher baseline rates of reported mental health diagnoses, chronic physical health conditions, and substance use among homeless individuals and individuals with a history of incarceration, as compared to the general population, are consistent with research to date [1] [2] [3] [4] . Incarceration may result in loss of housing or make it more difficult to find housing after prison release, whether as a result of poor discharge planning or reluctance of landlords to accept tenants with a criminal record [28] . More effort is needed to secure stable housing for incarcerated persons prior to discharge. By discharging individuals directly to supportive housing, New York City's Housing First policy has reduced recidivism, in addition to reducing emergency department usage rates and hospital admissions [29] . In the Canadian context, the At Home/Chez Soi study on a population of homeless adults with mental illness in five Canadian cities compared a Housing First approach with treatment as usual (generally mental health or addiction treatment first, then housing) [30] . Study authors were able to demonstrate The effect of forensic events on health status and housing stability: A cohort study an approximate 40% increase in average time stably housed among participants in the Housing First group [30] . Given that our study demonstrates that housing can remain vulnerable years after incarceration or arrest, any community supports put in place to help formerly incarcerated persons find or retain stable housing should remain available over the long term. Participants from Vancouver were more likely to have more residential moves over the follow up period than participants from Toronto. This could relate to differences in housing availability or support services between the two cities. For example, the 2010 Vancouver Olympic Games saw developers develop profitable accommodations for visitors, thereby gentrifying the neighborhoods where affordable housing was located [13] . This resulted in a loss of lowcost housing options during our follow up period [13] . Other reasons, such as differences among participants in substance use or mental health, or differing availability of housing or support services across the cities, may be at play.
It is noteworthy that female sex and a history of problematic substance use were both significantly associated with each of our three outcomes in the three multivariate analyses. Review of the literature around the status of health for homeless women suggests that they experience higher rates of a myriad of health conditions, including malnutrition, infections, and abuse, compared to women in general [31] . One Toronto study demonstrated a mortality rate 30 times higher than the general population; the same study showed young homeless women appear to have poorer health status even compared to young homeless men [32] . However, this trend appeared to reverse for older age groups. Strong evidence also suggests that homeless women experience poorer mental health status than homeless men [33] . Because the majority of the homeless population in Canada is male, services available to homeless people are largely male-centric [34] . These services may not, therefore, adequately address the specific needs of homeless women, such as supports for victims of violence. This may, in part, explain the health disparity we observed in this study between men and women. Finally, there appears to be a paucity of research investigating the housing status of women following incarceration or arrest.
Research on problematic substance use has consistently demonstrated significant negative associations with mental and physical health status and housing stability [35, 36] . Increased rates of hepatitis, HIV, and sepsis account for some of the physical health effects, while rates of depression and psychosis are also clearly higher [34] . Being stably housed appears to be associated with reduced substance use rates, with one retrospective analysis demonstrating significantly lower rates of substance use among formerly incarcerated individuals living in regulated housing compared to those in more vulnerable housing [37] . Another retrospective analysis in Quebec reviewed outcomes among a population of persons with mental illness who were incarcerated and discharged to supportive housing as opposed to independent housing. The study found that the persons discharged to independent housing were far more likely to commit a new offense and even to be readmitted for psychiatric treatment [38] . This is relevant to our study population given the prevalence of mental health diagnoses in our cohort. Evidence also suggests problematic substance use impedes access to stable housing [36] . Housing First programs have also been successful in improving housing stability among persons with substance use disorders and mental illness [30, 39, 40] .
Lifetime homeless duration was not significantly associated with any of the primary outcomes. While surprising, we posit that the effects of longer duration of homelessness may be mediated via the significant association of problematic substance use, mental health issues, and chronic health conditions with the primary outcomes.
Limitations and strengths
The study has several limitations, which need to be considered when interpreting the findings. Data from participants were self-reported and thus may be subject to recall bias and other forms of reporting bias. A response rate of 79% means 21% of study participants did not participate in the fifth interview. It is possible that non-participants were disproportionately destabilized in terms of housing or health, or both, and were therefore less likely to follow up. Furthermore, the study sample was limited to single adults and, therefore, is not entirely representative of the homeless populations of Vancouver, Toronto and Ottawa. Our data around arrest did not capture granular details such as length of time in custody, although we found that most arrests did result in incarceration. Such differences could presumably impact housing stability and would be useful to include in future studies. There were more total forensic events reflected in the composite outcome than accounted for by arrests alone. This indicates that approximately 10-20 participants each year reported incarceration without arrest if they were incarcerated from an arrest more than one year prior at the time of the interview (e.g. arrested in year 1 and incarcerated in year 2). Finally, while every attempt was made to adjust for confounders, we may not have accounted for all factors that influence the association between a forensic event and physical and mental health scores and the number of residential moves.
Strengths of this study include the retention methods used [41] , large sample size from three cities across Canada, and a high follow-up rate of 79% over four years. Furthermore, this is one of the only large, prospective studies to follow persons who are homeless or vulnerably housed with reported incarceration in the previous year for an extended follow-up period.
Conclusion
In summary, in this longitudinal study of homeless or vulnerably housed participants, we demonstrated that persons with a recent history of forensic events experience a higher number of residential moves over a four-year follow-up period. This suggests that incarceration or arrest can lead to longer term housing vulnerability. We did not, however, demonstrate a significant relationship between a recent history of forensic events (i.e., arrest, incarceration) and participants' mental and physical health status. The results highlight the importance of providing support to individuals experiencing arrest or incarceration in obtaining stable housing not only in the short-run after discharge and post-release planning, but in the long-term as well.
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